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30 

is S-1) 

54, 61 for punching a hole out of a sheet, a driving means 
35 for reciprocating in a direction interSecting with respect 
to the punch by the driving force of driving source 33, and 
cam mechanisms 44, 84,94, 62, 69 for changing the motion 
of the driving means into the movement direction of the 
punch So as to transmit to the punch between the punch and 
the driving means. A plurality of punches are divided into 
first group and Second group. The cam mechanism provided 
between each punch of the first group and the driving means 
moves each punch 52 by the motion operation of the driving 
means in a first direction, and the cam mechanism provided 
between each punch of the Second group and the driving 
means moves each punch 53 by the motion operation of the 
driving means in a Second direction. Different pattern of 
punching is respectively possible by the first and Second 
groups of punches. 

10 Claims, 13 Drawing Sheets 
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Fig.11 
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Fig. 12 
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PUNCH MACHINE 

BACKGROUND OF THE INVENTION 

This invention relates to punch machine for punching a 
hole out of material to be punched, Such as a sheet by 
engaging a punch and a die with each other, and relates to 
punch machine equipped with a copying machine, a printer, 
a facsimile machine and a main body of an image forming 
unit of apparatus combining these machines, or a printing 
machine, for instance. 
As shown in FIG. 13, in this kind of conventional punch 

machine, a pair of decentering cams 23, 23 are unitedly 
provided with a rotating shaft 22 rotating by a motor 21, and 
both ends of a punch holding member 25 having predeter 
mined number of punches, for instance three punches 24, are 
Supported by a pair of decentering cams 23, 23. 
When the decentering cams 23, 23 are rotated, the punch 

24 goes up and down by guiding by a guide hole 26. On this 
occasion, the punch 24 is inserted in and engaged with the 
die 27 So as to punch a hole out of sheet P, which is stopping 
material to be punched, Such as paper. 

The going up and down distance of the punch 24 of the 
conventional punch machine 20 is Set rather long in com 
parison with thickness of a sheet. This distance is extremely 
Shorter than the length of a sheet. 

For this reason, when the punch 24 of the conventional 
punch machine 20 is continuously moved up and down, the 
punch may descend again before taking the sheet already 
punched out of the punch machine 20. So, there is a danger 
of punching the Same sheet again. Therefore, the punch 24 
is stopped at a waiting position away from a sheet until the 
sheet is taken out after punching a hole out of the sheet and 
a next sheet is Set. 
And, the punch 24 is provided with punch holding mem 

ber 25, going up and down by transmitting the rotational 
force of the motor 21 to the decentering cams 23 through 
reducing gear mechanism 28 and the rotating shaft 22. Then, 
even if a motor 21 is stopped So as to try to Stop the punch 
24 at the utmost upper position, it is difficult to Stop the 
punch 24 at the utmost upper position by inertia force, Such 
as the motor 21 and the punch holding member 25. 

Besides, when the motor 21 is rotated at high Speed So as 
to move the punch 24 up and down at high Speed in order to 
improve machining efficiency of punching machining, the 
inertia force becomes to be further bigger. Then, it is much 
difficult to correctly stop the punch 24 at the utmost upper 
position. 

Furthermore, the conventional punch machine 20 has the 
Structure that the position and the number of the punches 24 
can not be changed. Then, the position and the number of the 
hole to be punched out of a sheet can not be changed. 

OBJECT OF THE INVENTION 

The object of the present invention is to provide punch 
machine wherein the punches can be certainly waited at 
waiting positions So as not to give the punches the influence 
of the inertia force of the rotating driving means for moving 
the punch even if the punches are moved at high Speed, and 
the position and number of holes to be punched out of a sheet 
can be changed. 

SUMMARY OF THE INVENTION 

A punch machine comprises a plurality of punches and 
dies for punching holes out of material. Driving means for 
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2 
reciprocating in first and Second directions interSecting with 
respect to the punches by a driving force of a driving Source 
is provided. The punch machine also has a cam mechanism 
for changing the reciprocating motion of the driving direc 
tion into a direction moving the punch and transmitting it to 
the punch; the cam mechanism is provided between each 
punch and the driving means. 
The plurality of punches is divided into a first group and 

a Second group. The cam mechanism is located between 
each punch of the first group and the driving means. The cam 
mechanism moves each punch by movement operation of 
the driving means in the first direction. The cam mechanism 
located between each punch of the Second group and the 
driving means moves each punch by movement operation of 
the driving means in the Second direction. 
When the driving means is actuated, the motion of the 

driving means is changed into the moving direction of the 
punch by the cam mechanism. As a result, the punch 
punches a hole out of a sheet while advancing it into the die. 
In this case, the first group of the punch punches a hole out 
of the sheet and the Second group of the punch punches a 
hole out of the sheet when the driving means is moved in the 
first and Second directions, respectively. 

Because the first group of the punch and the Second group 
of the punch are located at positions different from each 
other, the positions of the holes to be punched out of the 
sheet by the first and Second groups are also different from 
each other; the position of the holes to be punched out of a 
sheet can be changed by the movement direction of the 
driving means. The number of the holes to be punched out 
of a sheet also can be changed if the number of punches of 
the first group and the Second group differ. Therefore, the 
punch machine of the present invention is a single machine 
that performs the functions of two machines. 
The punch machine can prevent the punch from driving in 

the direction of the material to be punched even if the 
driving means overruns by the influence of inertia by driving 
the punch through use of the cam mechanism. The position 
of the punch can be easily controlled without greatly affect 
ing the accuracy and positioning of the driving Source. 

Optionally, the punch machine can have a cam mecha 
nism that has a cam slot and a cam-follower engaging with 
the cam Slot. Energizing means, for energizing the punch in 
a direction approaching the material to be punched, can also 
be provided with the punch. 

The punch machine may incorporate a cam mechanism So 
that each punch moves with a predetermined phase differ 
ence among the punches comprising each group. 
The punch machine may also incorporate driving means 

having a plate member being free to reciprocate and drive by 
the driving Source, wherein the cam slot is formed on the 
plate member, and the cam-follower is provided with the 
punch. In this Structure, the cam Slot can be easily formed, 
corresponding to each punch, and the driving mechanism 
can be made Simple. 
The punch machine may incorporate driving means hav 

ing a plate member being free to reciprocate and drive by the 
driving Source, wherein the cam follower is formed on the 
plate member, and the cam slot may be formed on the punch 
Side. 
The punch machine may incorporate driving means hav 

ing a belt member being free to reciprocate and drive by the 
driving Source and a plurality of cam cylinders for recipro 
cally rotating and driving in predetermined angular bounds 
by the belt member; the cam cylinders are respectively 
provided, corresponding to each punch, and the cam mecha 
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nism is provided between the cam cylinder and the punch. 
Because the flexible belt member can be used as the driving 
means, the freedom of the arrangement of the driving Source 
and the punches is increased and functional design is pos 
sible. 

The punch machine may incorporate cam mechanisms 
provided for respective punches. By providing the cam 
mechanism for each punch, independent motion can be 
added to each punch and the complex motion patterns of the 
punch can be actualized. Additionally, the punch machine 
provides for a cam mechanism to be used for two or more 
punches. 

The Structure can be made simple by using the cam 
mechanism. For example, the arrangement interval among 
the punches can be made narrower and a punch arrangement 
having various intervals can be obtained. 

The punch machine may also incorporate driving means 
having a plate member comprised of a single plate member; 
the plate member can be free to reciprocate and drive by the 
driving Source, and the cam mechanism can be respectively 
provided between the plate member and the punch. All of the 
punches can be reciprocated and driven through the plate 
member by reciprocating the plate member. Additionally, all 
of the punches can be driven with a single plate member, and 
the mechanism for driving the punches can be made simple 
and Small. 

The punch machine may provide for the cam mechanism 
having a cam slot, engaging with a plurality of the cam 
followers. By using the cam mechanism, the Structure of the 
cam mechanism can be made Simple. Additionally, the 
arrangement interval among the punches can be made nar 
rower and a punch arrangement having various intervals can 
be obtained. 

The punch machine may have means for holding the 
driving means. This results in the driving means being 
capable of being held at a predetermined position of the 
reciprocating motion. 

The punch machine may incorporate a different number of 
the punches for the first and Second groups. Thus, the 
punching operation is possible by combining various num 
bers of holes. 

The punch machine may also have a plurality of punches 
belonging to the first group, a plurality of punches belonging 
to the Second group, and the arrangement pitch for the first 
and Second groups being different from each other. The 
punching operation is thus possible by combining holes 
having a plurality of various pitches. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a front view showing punch machine of first 
embodiment of the present invention and is a view broken in 
a part, 

FIG. 2 is a plane view of FIG. 1; 
FIG. 3 is a sectional view seen from arrow A-A of FIG. 

1; 
FIG. 4 is a sectional view seen from arrow B-B of FIG. 

1; 
FIG. 5 is a view for explaining operations of the punch 

machine of the first embodiment; 
(a) is a view showing the State of punching out of a sheet 
by a punch of first group; 

(b) is a view showing the State of finishing punching out 
of a sheet by the punch of the first group; 

FIG. 6 is a view for explaining operations of the punch 
machine of the first embodiment; 

5 

15 

25 

35 

40 

45 

50 

55 

60 

65 

4 
(a) is a view showing the State of punching out of a sheet 

by a punch of Second group; 
(b) is a view showing the State of finishing punching out 

of a sheet by the punch of the Second group; 
FIG. 7 is a schematic front sectional view showing the 

punch machine of Second embodiment; 
FIG. 8 is a schematic view obliquely seen showing the 

punch machine of the Second embodiment; 
FIG. 9 is a schematic front view showing the punch 

machine of third embodiment; 
FIG. 10 is a plane view of FIG. 9; 
FIG. 11 is a view obliquely seen of rotating cam; 
FIG. 12 is a view obliquely Seen of rotating cam; and 
FIG. 13 is a schematic front view showing conventional 

punch machine. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

Punch machine of the embodiments of the present inven 
tion will now be explained on the basis of FIG. 1 through 
FIG. 12 hereinafter. 

(First Embodiment) 
Punch machine 30 of first embodiment will now be 

explained on the basis of FIG. 1 through FIG. 6. 
The present invention may be embodied in other specific 

forms without departing from the Spirit or essential attributes 
thereof and, accordingly, reference should be made to the 
appended claims, rather than to the foregoing Specification, 
as indicating the Scope of the invention. 

(Explanation of Structure) 
On a main body frame 31 of the punch machine 30, a 

motor 33 is provided through a bracket 32. The motor 33 is 
connected with a cam plate 35 formed by Single plate 
member having Strip shape through reducing gear mecha 
nism 34, and is driving Source for moving the cam plate 35 
in right and left direction of FIG. 1. 
The reducing gear mechanism 34 has a driving gear 37 

provided with an output shaft 36 of the motor 33, an 
intermediate gear 38 having big diameter and an interme 
diate gear 39 having small diameter which are provided 
united with each other, a following gear 40 having bigger 
diameter than the intermediate gear 39 having Small 
diameter, a pinion 41 provided united with the following 
gear 40, and a rack 42 formed on the cam plate 35, with 
which the pinion 41 engages. 

The cam plate 35 is located So as to move along the inside 
of one side of the main body frame 31 having angular 
cylindrical shape. The cam plate 35 moves by transmitting 
the rotation of the pinion 41 to the rack 42. Five of convex 
portions 43 are formed on the upper and lower ends of the 
cam plate 35 such that contact area with the main body 
frame 31 is decreased and Sliding resistance is decreased So 
as to smoothly move the cam plate 35. With the left end 
portion of the upper end of the cam plate 35, three notches 
66, 67, 68 are provided, and a positioning plate 65 having 
elasticity, which is provided with the inside of the upper end 
of the main body frame 31, engages with one of these 
notches. The central notch 66 holds the cam plate 35 at the 
central position, the left side of the notch 67 holds the cam 
plate 35 on the right end, and the right side of the notch 68 
holds the cam plate 35 at the left end. The positioning plate 
65, the notches 66, 67, 68 comprises cam plate positioning 
mechanism 99 which is a holding means. 
With the cam plate 35, four cams 44, 84, 94, 44 in the 

shape of Slot are provided in order from the right. The cams 
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44, 84,94, 44 have V-shape portions 95,85, 95, 45 formed 
in V character shape, and first Straight line portions 46, 86a, 
96a, 46a and second straight line portions 46b, 86b, 96b, 
46b, extending in the moving direction of the cam plate 35, 
in the direction away from the V-shape portions 95,85, 95, 
45 on both ends of the V-shape portions 95,85, 95, 45. The 
length of the first straight line portions 46a, 86a, 96a, 46a is 
Shorter than the length of the Second Straight line portions 
46b,86b,96b, 46b. The first straight line portion 96a and the 
Second Straight line portion 86b communicate with each 
other. On this occasion, the cam slot of each of the cams 44, 
84, 94, 44 is a through hole. But, the cam slot is not always 
a through hole. 

In FIGS. 1, 3, 4, a leg 51 is attached to a lower face 31a 
of the main body frame 31 having spacers 50, 50 therebe 
tween. The spacer 50 is provided for forming clearance S 
permitting passage of sheet P, which is material to be 
punched, between the lower face 31a of the main body 
frame 31 and an upper face 51a of the leg 51. In FIG. 3, an 
inclined face 51b for guiding a sheet in the clearance S is 
formed on the leg 51. 

In FIG. 1, five of punches 52, 53, 52, 53, 52 having 
different pitch are provided with the main body frame 31so 
as to move in up and down direction with a punch Support 
hole 58 as its guidance. The three punches 52 are ones of 
first group for three holes for punching three holes out of a 
sheet, and are located at the equal pitch L1. The two punches 
53 are ones of Second group for two holes for punching two 
holes out of a sheet, and are located at the equal pitch L3 in 
the right and left direction from the central punch 52. On the 
leg 51, dies 54, 61,54, 61,54, penetrating the top end of the 
punches 52, 53, 52, 53, 52, are formed. And, the setting pitch 
L1 of the punches 52 of the first group is bigger than the 
setting pitch L2=2L3 of the punches 53 of the second group, 
and the Setting pitches L1, L2 of the punches of both groups 
are set So as to make different from each other. 

In FIG. 1 and FIG. 4, operating pins 62, 69 penetrating a 
through hole 63 of the punches 52, 53, the cams 94, 84, 44 
and a guide hole 48 formed on the side wall of the main body 
frame 31, facing in the up and down direction, are provided 
with each of the punches 52, 53. On both ends of the 
operating pins 62, 69, retaining rings 64, 64 are attachably 
and detachably provided such that the operating pins 62, 69 
do not drop out from the through hole 63 of the punches 52, 
53. 

Aspring 97, for energizing the punches 52, 53 on the dies 
54, 61 side, is provided with each of the punches 52, 53. The 
spring 97 is between the main body frame 31 and a retaining 
ring 98 provided with the punches 52, 53. Although the 
punches 52, 53 are energized on the lower hand by the spring 
97, they are not dropped out from the main body frame 31 
since the operating pins 62, 69 penetrate the cams 94, 84, 44 
and they are received by the cams 94, 84, 44. 
The cam 94 moves up and down both punches, punch 52 

located third from and punch 53 located fourth from the right 
in FIG. 1. When the cam plate 35 is positioned at an 
intermediate position as shown in FIG. 1, the V-shape 
portions 45, 95, 45 of the cams 44, 94, 44 corresponding to 
the punch 52 of the first group are positioned on the left side 
of the punch 52, and the V-shape portions 95,85 of the cams 
94, 84 corresponding to the punch 53 of the second group are 
positioned on the right side of the punch 53. 

Although the cams 44, 84, 94,44 and the five sets of the 
punches 52, 53, 52, 53, 52 are provided with the main body 
frame 31 in order from the right side, the relative positional 
relation between the cam and the punch is different. 
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6 
That is, in FIG. 1, the distance between each punch 52 of 

the three punches 52 for three holes and the V-shape portion 
95, 95, 45 of the cam 44, 94, 44 facing each punch is set 
shorter in order from the right side punch 52. For this reason, 
the punches 52 go down in order, Starting from the right Side 
when the cam plate 35 is moved on the right-hand side of 
FIG. 1 so as to punch a hole out of a sheet with a time 
difference between punches. 

In a similar way, the distance between the right Side of the 
punch 53 of the two punches 53 for two holes and the 
V-shape portion 85 of the cam 84 is shorter than the distance 
between the left side of the punch 53 and the V-shape portion 
95 of the cam 94. For this reason, the punches 53 go down 
in order, Starting from the right Side when the cam plate 35 
is moved on the left-hand side of FIG. 1 so as to punch a hole 
out of a sheet with a time difference. In order to shift the 
timing of the punching operation of each of the punches 52, 
53 on a sheet So as not to add the load on the motor 33 at one 
time, the relative positional relation of each Set between the 
cams 44, 84, 94, 44 and the punches 52, 53, 52, 53, 52 is 
different from each other. 
Cam plate detecting sensors 55, 56, for detecting the 

position of the cam plate 35, are provided with both ends of 
the bounds of lateral movement of the cam plate 35 of the 
main body frame 31. On the upper portion of the main body 
frame 31, punch detecting sensors 92,93, for detecting the 
upper end of the central punches 52, 53, are provided. 

The reducing gear mechanism 34, the cam plate 35 and 
the like of the above-mentioned Structure comprises a driv 
ing means 91. The driving means 91 changes the rotating 
force of the motor 33 into linear reciprocating moving force, 
and transmits this force to the cam plate 35 such that the 
punches 52, 53 go up and down through the above 
mentioned cam mechanism. 

(Explanation of the Operations in Case of Punching Three 
Holes Out of a Sheet) 
The positioning plate 65 of the cam plate positioning 

mechanism 99 engages with the central notch 66 and then, 
the cam plate 35 is generally held at the center of the main 
body frame 31, as shown in FIG.1. At this time, the straight 
line portions 46b,86b, 96a,96b, 46b of the cams 44, 84,94, 
44 face the punches 52, 53, 52, 53, 52. 
On the other hand, the motor 33 stops. When a sheet is fed 

in the clearance S between the main body frame 31 and the 
leg 51 and is positioned and stopped at a predetermined 
position, a Sensor (not shown) detects the feeding of the 
sheet to the punch machine 30, and the punch machine 30 
enters the operating State. 
The motor 33 moves the cam plate 35 in the right 

direction. The cam plate 35 starts to move in the right 
direction, and the engagement position between the cams 44, 
84, 94, 44 and the operating pins 62, 69, 62, 69, 62 of the 
respective punches 52, 53, 52, 53, 52 is changed. 

In FIG. 5(a), the operating pin 62 of the punch 52 of the 
right edge is guided to the root of the V-shape portion 45 of 
the cam 44. For this reason, the right edge of the punch 52 
goes down to the lowest descending position, and punches 
a hole out of a sheet, and the punch 52 is engaged with the 
die 54. On this occasion, the operating pin 62 of the central 
punch 52 is guided near the root of the V-shape portion 95 
of the cam 94. For this reason, the central punch 52 does not 
go down to the lowest descending position just after the 
central punch 52 finishes punching a hole out of the sheet 
and enters in the die 54. During this, the punch detecting 
sensor 93 detects that the central punch 52 goes down, and 
the first group of the punch 52 is in operation. By doing So, 
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it is confirmed that it is on the way of punching three holes 
out of the sheet. 

And, the operating pin 62 of the punch 52 of the left edge 
is guided near the upper end of the V-shape portion 45 of the 
cam 44. For this reason, the left edge of the punch 52 does 
not yet enter in the die 54 before punching a hole out of the 
sheet. On the other hand, the operating pins 69, 69 of the 
punches 53, 53 of the Second group are guided to the Second 
straight line portions 86b, 96b and are held at the raising 
position. 

Thereafter, the operating pin 62 of the central punch 52 
and the operating pin 62 of the punch 52 of the left edge are 
guided to the root of the V-shape portions 95, 45 in order, 
and then the sheet is punched by the central punch 52 and the 
left edge of the punch 52 in order. During this time, the 
operating pins 69, 69 of the punches 53, 53 of the second 
group are guided to the Second Straight line portions 86b, 
96b and are held at the raising position. 
The cam plate 35 still moves in the right direction, and the 

respective cams 44, 94, 44 raise each punch 52, and the 
operating pins 62, 62, 62 are guided in the first Straight line 
portion 46a, the second straight line portion 96b and the first 
Straight line portion 46a So as to hold each punch 52 at the 
rising state. Lastly, as shown in FIG. 5(b), the cam plate 35 
moves to the right utmost end, and the positioning plate 65 
of the holding mechanism 99 engages with the notch 67 of 
the left end so as to hold the cam plate 35 at the right end. 
Then, it is prevented that the top end of the cams 44, 94, 44 
abuts on the operating pins 62, 69, 62, and then the camplate 
35 Springs out. During this time, the punch detecting Sensor 
93 detects the rise of the punch 52, and detects the finish of 
punching of three holes out of the Sheet. And, the cam plate 
detecting sensor 55 is actuated by the cam plate 35, and 
detects that the cam plate 35 is positioned on the right edge 
so as to stop the motor 33. The sheet out of which the holes 
are punched is taken out of the clearance S (see FIG. 3), and 
a new sheet is fed to the clearance S. 

When the motor 33 is reversed, the cam plate 35 moved 
to the right end is moved on the left side from the position 
of FIG. 5(b), and holes are punched out of the new sheet by 
the punches in order, Starting from the left Side of the 
punches 52. When the cam plate 35 returns to the position 
of FIG. 1, the positioning plate 65 engages with the notch 66 
So as to hold the cam plate 35 at the central position. 

(Explanation of the Operations in Case of Punching Two 
Holes Out of a Sheet) 
The positioning plate 65 of the cam plate positioning 

mechanism 99 engages with the central notch 66 and then, 
the cam plate 35 is generally held at the center of the main 
body frame 31, as shown in FIG.1. At this time, the straight 
line portions 46b,86b, 96a,96b, 46b of the cams 44, 84,94, 
44 face the punches 52, 53, 52, 53, 52. 
On the other hand, the motor 33 stops. When a sheet is fed 

in the clearance S between the main body frame 31 and the 
leg 51 and is positioned and stopped at a predetermined 
position, a Sensor (not shown) detects the feeding of the 
sheet to the punch machine 30, and the punch machine 30 
enters the operating State. 

The motor 33 moves the cam plate 35 in the left direction. 
The cam plate 35 starts to move in the left direction, and the 
engagement position between the cams 44, 84, 94, 44 and 
the operating pins 62, 69, 62, 69, 62 of the respective 
punches 52, 53, 52, 53, 52 is changed. 

In FIG. 6(a), the operating pin 69 of the right punch 53 is 
guided to the root of the V-shape portion 85 of the cam 84. 
For this reason, the right punch 53 goes down to the lowest 
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descending position, and a sheet is punched, and the punch 
53 is engaged with the die 61. On this occasion, the 
operating pin 69 of the left punch 53 is guided near the root 
of the V-shape portion 95 of the cam 94. For this reason, the 
left punch 53 does not go down to the lowest descending 
position just after the left punch 52 finishes punching the 
sheet and enters in the die 54. During this time, the punch 
detecting sensor 92 detects that the left punch 53 goes down, 
and the Second group of the punch 53 is in operation. By 
doing So, it is confirmed that it is on the way of punching two 
holes out of the sheet. 
On the other hand, the operating pins 62, 62, 62 of the 

punches 52, 52, 52 of the first group are guided to the second 
straight line portions 46b, 86b, 46b and are held at the 
raising position. 
The cam plate 35 is still moved in the left direction, and 

the cams 84, 94 raise the punches 53, 53 so as to receive the 
operating pins 69, 69 in the first straight line portions 86a, 
96a. Then, the raising state of the punches 53, 53 is held. 

Lastly, as shown in FIG. 6(b), the cam plate 35 moves to 
the left utmost end, and the positioning plate 65 of the 
holding mechanism 99 engages with the notch 68 of the right 
end so as to hold the cam plate 35 at the left end. Then, it 
is prevented that the top end of the cams 44, 84, 94, 44 abuts 
on the operating pins 62, 69, and then the cam plate 35 
Springs out. During this time, the punch detecting Sensor 92 
detects the rise of the punch 53, and detects the finish of 
punching of two holes out of the sheet. And, the cam plate 
detecting sensor 56 is actuated by the cam plate 35, and 
detects that the cam plate 35 is positioned on the left edge 
so as to stop the motor 33. The sheet out of which two holes 
are punched is taken out of the clearance S (see FIG. 3), and 
a new sheet is fed to the clearance S. 

When the motor 33 is reversed, the cam plate 35 moved 
to the left end is moved on the right side from the position 
of FIG. 6(b), and holes are punched out of the new sheet by 
the punches in order, Starting from the left Side of the 
punches 53. When the cam plate 35 returns to the position 
of FIG. 1, the positioning plate 65 engages with the notch 66 
So as to hold the cam plate 35 at the central position. 

In this way, the punch machine 30 of the present invention 
can punch three holes out of a sheet when the cam plate 35 
is moved on the right Side rather than the intermediate 
position, and can punch two holes out of a sheet when the 
cam plate 35 is moved on the left side. So, different number 
of holes can be formed at different positions on a sheet with 
a single machine. 

Besides, in the punch machine 30 of the present invention, 
the punches 52 (53) do not simultaneously punch out of a 
sheet, but holes are punched out of a sheet by punch 52 (53), 
starting from one end punch 52 (53) in order. Therefore, 
excess load is not added to the motor 33, and holes can be 
punched by even a Small motor. 
And, Since the cam plate 35 is held at a predetermined 

position by the cam plate positioning mechanism 99, the 
punch does not make an error operation by Spring out the 
cam plate 35 at the left or right end. Besides, the cam plate 
35 holds all of the punches 52, 53 at the utmost rising 
position by the cam plate positioning mechanism 99 in FIG. 
1 So as to certainly wait at a waiting position. 
The spring 97, for energizing the punches 52, 53 in the 

direction approaching the dies 54, 61, is provided with the 
punches 52, 53. This spring 97 reduces the load when the 
punches 52, 53 punch a hole out of a sheet, and Serves as 
load when the cam plate 35 keeps the punches 52, 53 away 
from the dies 54, 61. Then, the load adding to the motor 33 
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can be made almost equal when the cam plate 35 is moved, 
and the motor 33 Smoothly rotates and the punch machine 30 
can continuously punch out of a sheet. 

The cam 94 in the first embodiment is used for both 
punches 53 and 52. But, the cam 94 may be separately 
provided with each punch 53 or 52 without using for both 
when the arrangement interval between the punches 53 and 
52 is wide. 

In the punch machine 30 of the first embodiment, the 
operating pin is provided with the punches 52, 53 and the 
cams 44, 94, 84 of V-character shape are provided with the 
camplate 35. But, cams of reverse V shape may be provided 
with the punch, and operating pins may be provided with the 
cam plate. 

Second Embodiment 
Punch machine 130 of second embodiment will now be 

explained on the basis of FIG. 7 and FIG. 8. 
(Explanation of Structure) 
In the punch machine 130 of the second embodiment, the 

operating pin 62 is provided with the central punch 52 So as 
to project, and cam plates 172,173, 173, 172 are provided 
with the other punches 52, 53, 53, 52, and a cam 144 with 
which the operating pin 62 engages and operating pins 162, 
169, 169, 162 for engaging with the cam plates 172, 173, 
173, 172 are provided with a movable plate 135. On this 
occasion, concerning the same portions as the first 
embodiment, the same marks are affixed and the explanation 
thereof is omitted. 

The cam 144 has a V-shape portion 145 formed in V 
character shape, and a first Straight line portion 146a and a 
Second Straight line portion 146b, which are connected with 
both ends of the V-shape portion 145, extending in the 
direction keeping away from the V-shape portion 145 and in 
the moving direction of the movable plate 135. 
Cams 174, 184, formed on the cam plates 172,173, has 

reverse V shape portions 175, 185 formed in reverse V 
character shape, and first straight line portions 176a, 186a 
and second straight line portions 176b, 186b, which are 
connected with both ends of the reverse V shape portions 
175, 185, extending in the direction keeping away from the 
reverse V shape portions 175, 185 and in the moving 
direction of the movable plate 135. 

The length of the first straight line portions 146a, 176a, 
186a is shorter than that of the second straight line portions 
146b, 176b, 186b. The three punches 52 are ones for three 
holes, belonging to the first group for punching three holes 
out of a sheet, and are located at equal intervals of L1. The 
two punches 53 are ones for two holes, belonging to the 
Second group for punching two holes out of a sheet, and are 
located at equal intervals of L3 from the central punch 52 in 
the right and left direction. Furthermore, the cam 144 and the 
cam 174 corresponding to the punch 52 of the first group are 
formed with point symmetry. Similar to the first 
embodiment, the relative positional relation between the 
cams 174, 184, 144, 184, 174 and the pins 162,169, 62,169, 
162, engaging with each other, is different from each other 
in order to shift punching timing of each of the punches 52, 
53 So as to reduce the sheet punching load. 
On this occasion, the respective cams 144, 174, 184 are 

through holes, but may be cam Slots each having a bottom. 
Of the above-mentioned Structure, a reducing gear mecha 

nism (not shown), the movable plate 135 and the like 
comprise a driving means 191. The driving means 191 
changes the rotating force of the motor 33 into linear 
reciprocating motion force, and transmits this force to the 
movable body 135 such that the punches 52, 53 go up and 
down. 
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(Operations in Case of Punching Three Holes Out of a 

Sheet) 
As shown in FIG. 7, the movable plate 135 is held at the 

center of the main body frame 31 by engaging a positioning 
plate 165 having the elasticity of an operating plate posi 
tioning mechanism 199 (see FIG. 8) with a central notch 
167. At this time, the second straight line portions 176b, 
186b, 146b, 186b, 176b of the cams 174, 184, 144, 184, 174 
are engaged with the operating pins 162, 169, 62, 169, 162. 
When the movable plate 135 is moved in the left 

direction, the pin 162 is engaged with the reverse V shape 
portion 175, and the V-shape portion 145 is engaged with the 
pin 62. Since the relative positional relation between the 
cams 174, 144, 174 and the pins 162, 62,162, engaging with 
each other, is different from each other, the punches 52 
descend with time difference, and punch three holes out of 
a sheet, Starting from the right Side punch 52 in order, in FIG. 
7 and FIG. 8. And, the three punches 52 receive the elastic 
force of the spring 97, and descend. By doing so, the load 
when punching holes out of a sheet is reduced. 
When the movable plate 135 is moved in the utmost left 

Side, the positioning plate 165 is engaged with a notch 168, 
and the movable plate 135 is held at the utmost left position. 
By doing so, the movable plate 135 can be waiting at the left 
waiting position. 
When the movable plate 135 is returned to the center 

position from the left end, the punches 53 newly punch three 
holes out of a sheet during this movement. 

(Operations in Case of Punching Two Holes Out of a 
Sheet) 
When the movable plate 135 is moved in the right 

direction from the position of FIG. 7, the pin 169 is engaged 
with the reverse V shape portion 185. Since the relative 
positional relation between the cams 184, 184 and the pins 
169, 169, engaging with each other, is different from each 
other, the punches 53 descend with time difference, and 
punch two holes out of a sheet, Starting from the right Side 
punch 53 in order, in FIG. 7 and FIG. 8. And, the two 
punches 53 receive the elastic force of the spring 97, and 
descend. For this reason, the load when punching holes out 
of a sheet is reduced. 

When the movable plate 135 is moved in the utmost right 
direction, the positioning plate 165 is engaged with a notch 
166, and the movable plate 135 is held at the utmost right 
position. By doing so, the movable plate 135 can be certainly 
waited at the right waiting position. When the movable plate 
135 is returned to the center position from the right end, the 
punch 52 newly punches two holes out of a sheet during this 
movement. 

As mentioned before, in the sheet punch machine 130 of 
the second embodiment also, the three punches 52 of the first 
group can punch three holes out of a sheet when the movable 
plate 135 is moved on the left side rather than the interme 
diate position, and two punches 53 of the Second group can 
punch two holes out of a sheet when the movable plate 135 
is moved on the right side. So, different number of holes can 
be punched at different positions on a sheet with a single 
machine. 

Third Embodiment 
Punch machine 200 of a third embodiment will now be 

explained on the basis of FIG. 9 through FIG. 12. 
(Explanation of Structure) 
In a structure of the punch machine 200 of the third 

embodiment, rotating cams 202, 203, rotatable with a shaft 
201 parallel to going up and down direction of the punches 
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52, 53 as its center, are respectively provided So as to face 
the respective punches 52, 53 in place of the cam plate 35 
of the first embodiment. An operating gear 206 is provided 
with the shaft 201 of the respective rotating cams 202, 203. 

Each operating gear 206 engages with a toothed belt 205 
for engaging with a following gear 204 of a reducing gear 
mechanism 220 for reducing the rotational number of the 
motor 33. As shown in FIG. 10, the toothed belt 205 is 
formed in the shape of closed ring, and is provided being 
free to reciprocate in the direction as shown by the arrows 
A and B for predetermined distance bounds by the motor 33. 
Since the punches 52, 53 are arranged in the shape of a 
straight line, the rotating cams 202, 203 should be also 
arranged in a Straight line. 

For this reason, the intermediate three operating gears 206 
engage with the straight line portion of the toothed belt 205 
in FIG. 10. And, the following gear 204 also engages with 
the Straight line portion. But, the Straight line portion of the 
toothed belt 205 is easy to separate from the intermediate 
three operating gears 206 and the following gear 204. For 
this reason, the straight line portion of the toothed belt 205 
does not separate by pushing the toothed belt 205 toward the 
operating gears 206 and the following gear 204 by three 
pushing rollers 207 and a pushing roller 208. And, the one 
side portion of the toothed belt 205 escapes by an idle gear 
209 So as not to engage with the operating gears 206 and the 
following gear 204. 

In FIG. 11 and FIG. 12, cams 224, 284, similar to the cam 
plate 35 of the first embodiment, are formed on the rotating 
cams 202, 203 as cam cylinders. These cams 224, 284 also 
have V shape portions 244, 285 formed in V character shape, 
and first straight line portions 246a, 286a and second 
straight portions 246b, 286b connecting with each other, 
extending in the direction keeping away from the V Shape 
portions 244, 285 and in the moving direction of the toothed 
belt 205. The operating pin 62 of the punch 52 is engaged 
with the cam 224, and the operating pin 69 of the punch 53 
is engaged with the cam 284. 

In FIG. 9, the V shape portion 244 of each cam 224 
corresponding to the three punches 52 of the first group is 
positioned on the left side of the punch 52, and the V shape 
portion 285 of each cam 284 corresponding to the two 
punches 53 of the Second group is positioned on the right 
side of the punch 53. 
Of the above-mentioned Structure, the reducing gear 

mechanism 220, the toothed belt 205 and the rotating cams 
202, 203 as cam cylinders and the like comprise a driving 
means 291. The driving means 291 changes the rotating 
force of the motor 33 into straight line movement, and 
transmits the rotating force of the motor 33 to the rotating 
CS. 

(Explanation of the Operations in Case of Punching Three 
Holes Out of a Sheet) 
When the motor is started to drive and the toothed belt 

205 is rotated in the left direction (in the arrow B direction) 
in FIG. 10, the rotating cams 202, 203 are also rotated in the 
left direction. By engagement between the V Shape portion 
244 of the cam 224 of the rotating cam 202 and the operating 
pin 62, the punch 52 descends. But, the cam 284 of the 
rotating cam 203 engages with the operating pin 69 of the 
punch 53 in the second straight line portion 286b portion. 
For this reason, the punch 53 does not descend, and is held 
at the rising position. 

Also, in this punch machine 200 the relative positional 
relation between the respective cams 224, 284 and the 
respective punches 52, 53 is different from each other. So, 
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each punch 52 does not simultaneously punch holes out of 
a sheet, and three holes are punched in order So as not to add 
excess load on the motor 33. The left rotation of the toothed 
belt 205 stops by detecting a striker 212 on the toothed belt 
205 by a sensor 210 (see FIG. 9) and stopping the motor 33. 
Thereafter, the toothed belt 205 is reversely rotated and the 
toothed belt 205 is rotated until the sensor 210 detects a 
striker 211. At this time, the punch 52 descends so as to 
punch three holes out of a new sheet. 

(Explanation of the Operations in Case of Punching Two 
Holes Out of a Sheet) 
When the toothed belt 205 is rotated in the right direction 

(in the arrow A direction) from the state of FIG. 10, the 
rotating cam 203 lets the punches 53 descend in order. The 
punches 53 descend in order, and ascend So as to punch two 
holes out of a sheet. When the sensor 210 detects a striker 
213, the motor 33 and the toothed belt 205 stop. Thereafter, 
the toothed belt 205 is reversely rotated and the toothed belt 
205 is rotated until the sensor 210 detects a striker 211. At 
this time, the punches 53 descend and ascend So as to punch 
two holes out of a sheet. 
The punches 52, 53 of the punch machine 200 of the third 

embodiment also punch a hole out of a sheet by being 
pushed by the spring 97 when descending. For this reason, 
exceSS load is not added to the motor when punching a sheet. 

In the above-mentioned respective embodiments, the 
three punches 52 belong to the first group, and the two 
punches 53 belong to the Second group. But, the two 
punches 53 may belong to the first group, and the three 
punches 52 may belong to the Second group. 
On this occasion, a sheet is paper, thin resin one, Substi 

tuting for paper, thick paper or the like. But, the material to 
be punched is not limited to a sheet Since the punch machine 
of the present invention can punch a hole out of a thin metal 
plate except for a sheet. 
AS Such, the cam mechanism is not limited to the cam 

Slots and the cam-follower Such as the pins 62, 69 engaging 
with the cam slots, and any Structure of the cam mechanism 
may be adopted as long as the reciprocating motion of the 
driving means can be transmitted to the reciprocating 
Straight line motion of the punch. This reciprocating motion 
includes the case where as shown in the third embodiment, 
the toothed belt 205 comprising the driving means recipro 
cates in the predetermined bounds on the locus, in the shape 
of a loop or in the predetermined bounds on the locus in the 
shape of a circumference in positive or negative direction in 
addition to the case where the cam plate 35 and the movable 
plate 135 comprising the driving means linearly reciprocate 
as shown in the first and Second embodiments. 
What is claimed is: 
1. Punch machine, comprising: 
a plurality of punches and dies for punching holes out of 

material to be punched; 
driving means for reciprocating in first and Second direc 

tion interSecting with respect to Said punches by driving 
force of driving Source; 

a cam mechanism for changing reciprocating motion of 
Said driving means into direction moving Said punch 
and transmitting it to Said punch, provided between 
Said each punch and Said driving means, 

Said plurality of punches divided in a first group and a 
Second group; 

Said cam mechanism provided between each punch of 
Said first group and Said driving means, for moving Said 
each punch by movement operation of Said driving 
means in Said first direction; and 
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Said cam mechanism provided between each punch of 
Said Second group and Said driving means, for moving 
Said each punch by movement operation of Said driving 
means in Said Second direction. 

2. The punch machine as Set forth in claim 1, wherein Said 
cam mechanism has a cam Slot and a cam-follower engaging 
with Said cam slot. 

3. The punch machine as set forth in claim 1, wherein 
energizing means for energizing Said punch in a direction 
approaching Said material to be punched is provided with 
Said punch. 

4. The punch machine as Set forth in claim 1, wherein Said 
cam mechanism is comprised So as to operate Such that each 
punch moves with predetermined phase difference among 
Said punches comprising each group. 

5. The punch machine as set forth in claim 2, wherein said 
driving means has a plate member provided being free to 
reciprocate and drive by Said driving Source, and Said cam 
Slot is formed on Said plate member, and Said cam follower 
is provided with Said punch. 

6. The punch machine as Set forth in claim 1, wherein Said 
cam mechanism is to be used for two or more punches. 
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7. The punch machine as set forth in claim 6, wherein said 

cam mechanism has a cam slot, Said cam mechanism engag 
ing with a plurality of Said cam-followers. 

8. The punch machine as set forth in claim 1, wherein 
means for holding Said driving means is provided with Said 
driving means So as to be free to hold Said driving means at 
a predetermined position of Said reciprocating motion. 

9. The punch machine as set forth in claim 1, wherein a 
number of Said punches belonging to Said first group and a 
number of Said punches belonging to Said Second group are 
different from each other. 

10. The punch machine as set forth in claim 1, wherein 
Said punches belonging to Said first group are a plural 
number, Said punches belonging to Said Second group are a 
plural number, and arrangement pitch of Said punches 
belonging to Said first group and arrangement pitch of Said 
punches belonging to Said Second group are different from 
each other. 


